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HBUTRM (2N)PPlZR DEVELOPMENTAT LANSCE

M, Nutter, L. Lewie*, S, Tepper*, 1?. N. Silver, R. H. Heffner

Physics Division, MS 11805

Los Alamos Natlona.1 Laboratory

Los Alamoa, New Mexico 87!546

Progreea la reported on nlJUtrOn chopper ayatema for the Loa Alamoe Neutron

Scattering Center puleed apallation neutron source. Thle includes the

development of a 600+ Hz active ■agnetic bearing neutron chopper and a high

speed control system deeigned to operate with the Proton Storage Ring to

phase the chopper to the neutron source.

@ltnKlneoring conaultante to the LoB Alamou National Laboratory



1. IlrlRammI(w:

Choppers for Inelaatic epithermal neutron scattering exparimenta ●t

the Loa Alamoa Neutron Scattering ‘;enter (MNSCE)l ●et meet three

criteria. F!c8t, they must operate continuously with minimal ●aintenance

during the typically six months run cycle of the LANSCE facility. Second,

they ■at provide the ■axlnum tranemlaalon in a ehort pulse of neutrono of

the order of 2 usec FUHM to ■atch the neutron source resolution. a feature
2

which requlrea aa high a rotation speed aa poaoible. Th~rd, the chopper

●at be timed with the neu’iron source to transmit neutrmO of only one

time-of-flight (energy). Thle la difficult because the LANSCE pulsed

neutron source is ~ynctironized to tha varlationa of the power line fre-

quency and phaae within time windows aet by the limlta of accelerator

operatlona.

Prevloualy, Loa Alamo@ had reported
3,4

on a aucceaeful test of a

control ayatem for phasing neutron choppers to the proton bursts from the

Los Alamoa Meson Phyeicu Faclllty (LAHPF) accelerator on the WNR facility

target , This involved a partial PID control of a low epeed (240 Hz)

●echanical bearing chopper as well asi triggering the LANPF accelerator

within an allowed 128 usec wlnduu from a ■agnetic pickup on the chopper.

Thle myotem would not allow ● ore than one chopper to operate at the same

time.

This paper lo a report on pro:r6ke on chopper eyetemB at Loo Alanoa in

tne pa~t two years. Los Alamoe has acquired a high speed (600+ Hz) active

●agnetic bearing chopper. It haa aleo developed a high epeed control

●ystom which will operate with the Proton Storage Ring5 and which will

permit severnl choppere to be phaeed to the mource a~multaneously.

11. ACTIVE MMMETIC BKARINO NRUTRCMCHOPPER:

To a~et the first two crlterla, a ●chanlcal rotating chopper which

unee &ctlve ●agnetic bearlnga (AM13) ham beon deuigned, ●arrufnctured by s2PI

Corporation In Vernon, France, nnd delivered to Loa Alaaou,

There were many reaaone to chooee nagnetlc bearing technology over

more couventloual ●echartic~’ bearing technology. Th~ no--wear feature of

●agnetic bearlnga, du- to the abnence of ■etal -to-metal conlact, #ill allow

the unit to opel’ate contlnlloualy for long perloda of tine without the need

to ●hut down for bearina replacement ■alotnnance. Becuuoe ttlere la no need

for lubrication, which can introduce varyl~~g frlctlonal Ioada and Ilmit the

allowabln uurface veloclty, the rotrrling ●ember can be lmrge and .tlll

operate at very high speedn (I,e,, at 800 K8 ●nd above). Becuuoe much a



ayaten 1s stiff, the operating ●peeda cun still be below the critical

frequenclee of the mechanical system (870 Hz In the present came), greatly

●impllfylng the acceleration and deceleration. By ellalnating the variable

frjctlonal load of ■echanical lubricated bearjngs und the flexitrlllty of

the mchanlcal

the varlatlone

varlationa.

There are

ayatem, the control problem la reduced to that of followlng

In neutron pulse tlmlng primarily caused by Fawer llne

many additional advantage for a magnetic bearing eystem.

The rotor la self-balanclng, turning around lta principal axle of lnertla

rather than around the axle of the bearings. Thla reeults In vjbration

free, ●llent operation becauae there is no stres~ on the bearlnga. There

ia a very low heating of the bearjngs, a very low power consumption, and a

very wide temperature oparatlng rhnge, The bearing stlffn~as 1s adjustable

electronically, provldlng great preclslon In setting the rotor equilibrium

position. The ●uapennlon damp~ng la also adjustable, which enabl~!s passing

the rotor crltlcal epeeda wlt out dlfl’iculty. (However, as ■cntloned

earner, In the inltlal design the firet crltlcal speed (d70 Hz) la abov~

the design operating speed (600 Hz).) lt la alao posajble to permanently

●onitor the nachlne during operation because the data from the A.HB

electronic poeltlon aeneorn provide constant information on rotntlon

characterlatlcs, The ayatem provides all the Information required for ln-

altu balanclng, There la also electronic Informtjon to Inltjtite an

automatic shutdown In the case of exceaa aachlne vibration or malfunction.

Fltiure 1 la a echematlc drawing of the active ●agnetic bearing neutron

chopper which wae acquired from S2M Corporation in Vernon, France. Thuae

systems now can altio be ●anufactured by [nland Motor Corporation In tt,e

Us., whjch haa llcenaed the technology from S2M. The neutk’on cl)opper

con-tats of a vertically oriented shaft supp~rted by al; axinl thrust

bearing and two radial bearlngn. The 3 KW, 3 phase lnductlon ●otor aqulr.

rel cage rotor in en Integral part of the vertical shaft and provides thti

rotational rlrlvlng force. The neutron chopping Porml oljt packag~ la

contained In a replaceable aluminum drum which forma a part of tha vertical

shaft , The radlril bearlnge rirfi located near the top of t~]a ohaft and ut

the bottom b~low the silt package. Th” entire shaft aaaembly rl’l)a Iii a

vacuum, tl>un roduclng tho wlndawe and powur conmmptlon, a!)d IU ctmlmlible

with operation In an evacuated beam line. Ir! cam. of power failure of the

maln~, battery backup j- provjded to ●ajntaln the ●agnetic bearing opere-

tion until the unit 1- decelel”ated and comes to a -top. There are almo

●echan~cal back up bearlnue.
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~L 8Y8TEM OVERVIEUt

The Mjor system elements and associated controls are illustrated in

2. Proton ●acropulaeo are generated In the LA.MPFlinear accelerator

the 2nd harmonic (120 Hz) of the incoaing power grid. These proton

pulaea are typically 750 usec in length with the leading edge occurring 200

uaec after the zero voltage crmsaover of the phaae of the grid power.,

Every 10tli proton macropulse la injected Into the recently constructed

Proton Storage Ring (PSR) at a pulse repetition rate of 12 Hz. The mcro-

pulae 1s chopped into eegmenta 0.27 usec long eeparated by 0.09 l~aec, each

segment of which 1s fed into an electromgnetlc bucket for protons in the

PSR which ■aked a revolution about the ring every 0.36 uaec. When the
.

nacropulee injection ia completed, PSR epeciflcationa require that the

stored proton bunch of 0.27 ueec length be extracted within 200 uaec onto

the high Z spallat~on target to prod~’ce neutrGna, The neutrons from the

target are slowed down In hydrogenoua moderators to the energies required

for neutron scattering reaeeirch. This produce- a neutron burst with FWHM

pulse width of approximately 2 uuec/ ~V), where E 1s the neutron energy,

for eplthermal (E > 0.1 eV) neutrons. The neutrons travel down the beam

llne toward the chopper, whose purpose js to eelect a neutron time of

flight, i.e., ●onochromate the beau. I’he chopper haa u alumlnua boron

fiber compoalte Fermi slit package opt~zlzed2 for Intenalty and resolution.

Th~ pri~ary specification:: of the chopper control ayetem ar~ne from

the need to achieve the beet energy reeolutlon by controlling the tlme-of-

fligllt to much better than the neutron pulse width. The desired neutron

time ellce is a function of the chopper angular veloclty; for thla eyaten,

the control provlden a delectable angular veloclty ranging from 120 Hz to

800 Hz In steps of 60 Hz, The control ●yetem divldea the tine taken for a

complete chopper revolution In 0,1 uaec increments. The control eyetem im

capablu of allowlng the melaction of any denlred time-o~-fllght, wltn a 0.1

u013c granularity. In practice, the system can be no ● ore preclao than the

PSR circulation time O{ 0.36 ueec. The control eyetem deei~n apeclflcatlon

has been set at :0.3

time-of -fllght.

t)olle et. al.
3,4

Hz ●echanical benr;ng

ueec root sun square (liS8) control accl!racy in the

dencrlbed an experlmanlal system which phaeed a 240

chopper to LAHPF. The reaulto were III general

agreement with theorotlcal expeotatlona; howaver, they fell far ehort of

tha required accuracy. A ●ajor limitation on the accuracy was shown to be

the random varJabtlity of the grid power which, vla the LAWP ●ynchronlza-

tlun wi~h the grid, produced a random variability in the proton =acropulae



repetition rate. Belle et. al. ●hewed that the grid power variahlllty waa

dominated by two terms. The firmt la a high frequency croamover to croaa-

over jitter of 28 usec; the second 1s a S1OW periodic var~ability of L8

usec at a rate of approximately 1.2 radiansiaecond. This level of varia-

bility was far beyond the tracking capability of the control eystem. Of

even greater significance was the random nature of the variability which

eli,mlnatad the opportunity to predict the arrival time of the next pulse

baaed on

feedback

function

with the

enhanced

data from the previous pulee. To circumvent this problem, a

signal was taken from a magnetic stud pickup on the chopper, the

of which was to ■edify the LAMPF trigger point to be compatible

chopper inatantaneou~ posItlon. This approach substantially

eystem accuracy but wa” still below the accuracy objective.

Furthermore, lt limited the facility to the use af a single chopper.

Further analysis conducted on the chopper control dynamics showed that

a system handwldth in excess of 1200 radia~aiaec would be required to track

the jitter component on a pulse-by-pulse baele and that this bandpasa

requirement would require a motor drive power in excess of 10 kilowuttai

In contraat, tracking the slow periodic variability requires a control

system bandwith of 12 radians/aec and a ●otor drive power on the order of 1

kilowatt.

In view of theee widely dieparate requirements, we decided to recon-

figure the system to treat the two var.tablllty components sepa,-ately. The

reconfigured ~ystem ellmlnateo the jitter component through electronic

filterlng techniques and uses a 3 kilowatt motor to track the low frequency

periodic variability, The revised configuration ia Illustrated achematl-

cally in Fig. 3 In th~a uonfiguratlon tha control ayatam ie a combination

forward loop control of LAHPF and PSR coupled with a closed loop feedback

control of chopper speed and phaati.

The control ayatem takea grid power zero crosainge as Itd input. This

signal 10 pasaed througn a loosely coupled phase lock loop which ham a zero

gain bandwidth of 12 radlana/mec. Tho output elgnal la 120 Hz In phase

with the input nlgnal for all input frequency perturbations up to 1.2

radiune/eec and progreualvely reJectn lncreaeing levels of high frawency

Input perturbation) Thin proclucea a 20:1 attenuation level which reduces

thr 1(3 usec jitt~r to 0.8 Ucec, Attenuation levels beyond this ■agnitude

have no benef~t since LAMPF has an inherent jitter of 1 uaec. The outp.1

1s a 120 Hz carrier frequency thaf iu eesentlally jitter free and io

overmodulated with a low frequency component corrempondlng to the grid

power behavior. This signal 1s used to trlggor LANPF In a pledlctah. e



●anners In practice, this trigger signal :8 well Wlthiit t~e ~64 USeC

range of the zero crossings set by WF operation requirements.

The tine interval between triggering LAHPF and total capture of the

proton aacropulae by the PSR in a conotaut of 950 unec for a 780 uaec wide

aacropulae. PSR apeclficat~.ons llait the ●toragn of the macropulae for a

●aximum of 200 usec after capture. To take account of these characterie-

tica the output of the jitter filter ia pasaed through a time delay, the

value of which corresponds to the LANPF/PSR delay plus half the allowable

PSR storage time, and then pansed on to a

plier.

This ●ultiplier takee the form of an

locked loop, again with a bandwidth of 12

programmable frequency multi-

addltional loQsely coupled phase

radimslsec. Thue It provldea a

further 20:1 ~ttenuation on grid jitter reducing its level under worst caee

conditions to lean than 0,04 usec. The output of the multiplier is in

phase with its input signal, aynctironized through the delay action to be at

the ●id-point of the PSR holding time, and its frequency is that at which

the chopper im required to run. By taking a function of the ●ultiplier

output as the PSR trigger, the PSR proton release la synchronized to the

motor control sy~ten.

Control

programmable

output . The

which pasuea

of the neutron time-of-flight ia achieved by placing a

tlae delay between the ●otor control system and the multlpiler

chopper aasembly incGrporatea a stud type position reference

a ■agnetic monopole speed sensor when the slit package la in

line with the neutron eource. The ●onopole producee a faut leading edge

pulse under line up cond~t.ons. The ■otor control system Ia a tightly

coupled phase lock loop, having a bandwiath of 87 ~.adlanm/aec, tind acts to

modulnte the ●otor excitation frequency such aa to keep the utud feedback

a~gnal precisely in phaee with the delayed frequency ❑ultiplier output, By

placing the time-of-flight delay in the forward loop as opposed to the

feedback path, time-of-flight cm be directly diuled, More importantly,

time-of-flig!~t accuracy la not affected either by selected chopper apeed or

low frequency perturbutlona of grid frequency.

Provlalona are incorporated in the chopper asaembly for a laaer poat-

tion feedback signal to supplement the ■agnetic ●onopole ayatem, This

provides a hl~har accuracy poaltlon feedback, If required.

This control architecture allowa the uae of ●ultiple choppers through

r pllcallon of the frequency ●ultiplier and motor control eyatem In as aany

ln6tallatione UB required. Synchronization of additional ohoppera ia

achloved by drivini each additional chopper from the PSR trigger algnal,
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IV.~ ~t
taskn●upplied the ●utivo

along with a dummy rotor mtd

cornlsaioning teot- b9gmn in

aging. Tho chopper owratctl

to 600 Hz with no observable

crltlaalo. velocity Cmnd

executti In 130 ●econdm.

Mumtic h9arhg chovmr syota9 to LOS MaEO.

aontrol cabl~t in Pobru.ary, 1985. Inltlal

-Y and tlm ~ly toot romlts were ●cour-

●t ●ll p9u8r 1100 Lmrnoola ●pado Crcm 80 a8

limitations duo to -oxpeuted v~bration

changes from mlnlm.m to WIRUB spaada ● r*

So far there have been only four days of taatlng of tho aontrnl system

ulth the t3~ chopper. l%. jitter filter,’W? trigger, fraquency multi-

plier, PSR trigger, and delay notuork aro valldati, Phase control of the

chopper encountered a ●tabillty problea due to an additional lag ●ssociated

with the rotor drive oyatem, This lag limited the rotor drivo kndaiclth to

11,8 radianrn/oec ●nd produced a CYO1lC tlma-of-flitit mndcr of ~10 USQC.

Subsequent analyals of the ravlsed dynamicm have shm good theorotlaal

agreement uith tbe teot reoulta. MOdiflcationm •~ in process to tbo motor

drive ●ymtem to provide the required bandwidth ancl stability, Testing 1s

expected to ;ecume in July with the system bacaalng available for operation

concurrent with PSR ●vallablllty during the laat quartar of 1985.

Testing of the ayotem with neutron- frm tha PSR is sche@,iled to begin

in October, 1985. Baaed on ths ●uacess of thse tests, Los Alamo- w1ll

proceed with the deolgn and devalo~nt of ● choppar spectrometer for 108~

conotructlon ,

v. ~
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magnetla bearing nuutron choDper, Me ●lso thank E. Bouan and A, P. Key for

tholr excellent technlual ●upport. Work oupported by tha U.S. Dapartwnt of
Energy.
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Fig. 1 Schematic diagram of the active ma~netic bearing neutron chopper
supplied by S2M Corporation.

Fig. 2 General arrangement of accelerator, chopper, and controls.

Fig. 3 Reconfigured chopper control system arch~tecture.
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